This paper discusses certain issues related to groundwater management within the context of the Brazilian national policy for water resources management. In order to investigate the importance of this water supply source, we interviewed groundwater users in the city of São Paulo, where some 57% of the total water supply comes from this source, and surveyed some of the factors affecting the use of this alternative. These include the existence of a good supply of groundwater, an inadequate public water supply system unable to meet user demands, the degradation of fresh water sources and the reduction in costs involved. Preliminary conclusions suggest the inadequacy of the present system of water resources management, which has not yet integrated the use of groundwater reserves into an overall national program for water resources management.
Introduction
Brazil faces many problems similar to those faced by most other developing countries. The migration of large numbers of rural inhabitants to urban centers as a result of the industrialization which initiated in the 1940s, together with the world economic recession during the period from 1973 -1979 , gave rise to a system of urban infrastructure unable to meet the needs of the people.
Moreover, over the past few decades, social problems in urban areas have intensified. The unorganized growth of many cities has led to the spread of slums and shantytowns with no public facilities available to guarantee the minimum conditions for the healthy life of their inhabitants. At the same time, the fresh water supply has suffered growing contamination, as more and more of the rivers, streams, lakes and other natural water sources have become polluted, thus reducing the supply of fresh water available for human consumption. These problems are, in part, the result of a historic sequence of economic crises and political instability over the last four decades of the twentieth century, a time when the financial resources available were insufficient to improve the infrastructure of the cities.
Although internal migrations have slowed since the 1980s, investments in public facilities for sanitation and the supply of fresh water have been made too slowly to meet public needs. Due to increased demands for water, even short periods of reduced rainfall may be sufficient to provoke the rationing of water, even though the country has one of the largest fresh water supplies in the world.
This harsh reality of the public water supply in Brazil has motivated the present investigation of the national model for the management of water resources. In this context, the authors have utilized data from the literature, as well as the results of an empirical survey conducted with the users of groundwater of the Paulista Avenue, one of the major avenues in the city of São Paulo (Rodrigues, 2002) .
The present paper is organized as follows. Section 2 discusses a possible solution for the relative scarcity of fresh water in certain areas of Brazil, while Section 3 evaluates recent modifications in the present system of water management and Section 4 explores the situation of the city of São Paulo. Section 5 presents the conclusions.
Water management: search for a solution to combat relative scarcity
The UNESCO International Hydrological Programme (UNESCO, 2002) recognizes the critical role of fresh water, not only for development, but also for life itself. Not only does water fulfill its chemical and biological functions in the water cycle, but it is also socially, economically and ecologically important. The viewpoint of UNESCO has been of crucial importance in guiding official government policies for water resources management (WRM). Together with the recommendations of ECO-92, this program has helped consolidate old concerns. As a result, the political environment which has emerged is favorable for the development of new programs. The recommendations of the IHP of UNESCO (2002) were specified in detail in Agenda 21 (CNUMAD, 1992) and have now been institutionalized, but in practice, few actions have been taken to regulate the exploitation of water resources and guarantee their conservation.
In the case of Brazil, the view of UNESCO has been fundamental in plans for the creation of an official WRM system. The first initiatives were taken in the state of São Paulo in 1991 and were followed by similar actions in other states. Finally in 1997, after six years of discussion in the lower house, the National Water Law (9433) (Brasil, 1997) was sanctioned. This law is based on the French model, initially adopted some 40 years ago and periodically updated to incorporate improvements. In this model, all actions involving either surface or groundwater reserves must be carefully planned and publicly discussed to guarantee the most adequate decisions. As a consequence, the WRM must consider both qualitative and quantitative aspects of the water cycle.
One fundamental aspect of this new model involves the process of decentralized decision-making, which has been transferred from the national level to lower levels of public administration. The original centralizing tradition is a heritage from the days of the Brazilian emperor, which culminated during the military regime of 1964 -1984 . Despite the termination of this regime in 1984, present public practices reveal many of the shortcomings of that previous system. Moreover, the recently adopted model is still subject to great resistance from many users. Traditionally, users and public authorities are not accustomed to negotiating agreements about the destination of the available water. The water users in the city of São Paulo have thus sought alternative water sources, including the pumping of groundwater from wells averaging some 150 m in depth and the purchase of water from distant sources for delivery in specially adapted trucks (known as caminhão-pipa). This alternative is common in the northeastern semi-arid region, but it has also become common practice in the metropolitan region of the state of São Paulo. Although pumping groundwater has been effective for the individual, this practice presents certain problems because, without official authorization, it is illegal. Moreover, many of the wells drilled do not comply with technical standards; the water obtained is sometimes of low quality and its extraction may even damage the aquifer.
The previous WRM model was based on sectorial planning. According to the Water Code (established by Federal Law 24.643 of 1934 (Brasil, 1934) ) and other regulations used as a basis for decisions about water supply prior to promulgation of the Federal Constitution of 1988 (Brasil, 1988) , conditions were defined principally for the use of these natural resources in the generation of energy by hydroelectric plants. As a result, most governmental actions involving water planning, including government investment, have been channeled into the energy sector. Few or no efforts were made to regulate other uses of surface water. Fortunately, the law 9433/97 (Brasil, 1997) has contemplated many of the loopholes involving the use of water and tried to eliminate them. There is, however, still a tendency to channel government politics to certain sectors, such as the electric industry and agricultural irrigation, without the development of an integrated policy contemplating both surface and groundwater sources.
After all, Brazil has huge fresh water resources. Rebouças (1999) estimates that some 14% of the fresh water of the Earth flows through the Brazilian river system. These rivers are used not only for the supply of water for human consumption, but also for irrigation and hydropower. Moreover, Rocha (1997) and Barlow & Clarke (2003) point out that Brazil shares the world's largest groundwater reservoir, the Guarani aquifer, with Argentina, Paraguay and Uruguay, a reservoir which has the potential to supply water to 500 million people per year, even if it were reduced to only 25% of its present volume.
Despite the huge water potential of the country, the water demands of the population and industry have not been adequately met. There are three main reasons for this: the contamination of the water near the larger cities, a failure to allocate funds for the treatment of water, and the irregularity of the distribution of rain, especially in the northeastern part of the country (Rebouças, 1999) . None of the solutions adopted has been very efficient. The importation or transposition of water from distant rivers and river basins, for example, is only a partial solution and generates additional costs, even leading to potential shortages at the point of capture. The extraction of groundwater has been more widely adopted, since neither transportation costs nor water shortages upstream seem to be involved, but it would be inadequate to meet large-scale demands.
It should be pointed out that investments in water supply have traditionally involved isolated local decisions, whether for irrigation, hydroelectric energy generation or industrial operations. No integrated policy for water management has been formulated. Present procedures involve certain shortcomings. First, there is no guarantee that enough water will be available to meet increasing needs for consumption, and second, the quality of the water provided has not been improved. Due to inefficient management, even in the Amazon region, where some 80% of the country's fresh water resources are available to serve only 5% of the Brazilian population, much of the water has been polluted by illegal mining, uncontrolled agriculture and growing urbanization. These problems have caused a growing concern about the supply of fresh water for the larger cities.
Recent efforts
As discussed above, the first law regulating the use of water in Brazil was enacted in 1934. This was based on payment by both polluter and user, but it was never enforced. Since the promulgation of the Brazilian Constitution of 1988, it was brough into effect, and as the result of public discussions and hearings, a new model for the management of water resources has been created for the state of São Paulo. However, these theoretical advances have been unable to improve or increase the supply of fresh water to any great extent. The failure of this new model may, however, be related to factors in existence prior to the implantation of the model. Rebouças (1999) and Rocha (2000) have suggested that these limiting factors would include the following: (a) a tradition of centralized government management, (b) inefficient mechanisms for decision-making and the control of water resources, (c) investment allocation according to isolated sectors, such as the generation of electric energy, and (d) inefficiency of government-run companies and their failure to meet quotas.
A new plan has been elaborated since 1997, not only including decentralized water management, but also a system of financial mechanisms and instruments of command and control. The use of financial controls is expected to promote advances in relation to the quality and quantity of fresh water because the availability of funds should facilitate much-needed investment, whereas additional expenses tend to limit individual use. It is, however, too soon to tell if this will actually work. The main mechanisms proposed (such as charging the final consumers who use the water) face criticisms and serious resistance by the people has been encountered. A failure to respect the regulations, as well as the inefficiency of the government in guaranteeing the implementation of the model, due at least partly to a lack of staff and financial resources, suggest that the results may not be as effective as was originally hoped.
The situation of the city of São Paulo
In the city of São Paulo, the fresh water comes from reservoirs, rivers and aquifers. Table 1 identifies the basins involved, as well as the rate of flow of each and the consumption involved, both licensed and non-licensed.
This table shows that the largest flow rate (on average) is that provided by the Tamanduateí Billings, but only 10% of this is licensed for use, with an additional 17% being used illegally, a total of 27.06% of /s is available. Since the population in the area is approximately 18 million, this is only about 183 m 3 per resident per year from surface water, which is considered very critical by the United Nations. This is the lowest per capita rate in the country (Silva & Porto, 2003) ; the situation of the Cotia Guarapiranga reservoir is especially problematic because the total commitment is over 90%.
This scenario of a limited supply of fresh water has led to frequent rationing in the area of the city of São Paulo. It has been aggravated by poor governmental water policies during the past few decades which, despite efforts to improve the water supply, have been unable to solve the problems and have been successful in only 50% of their attempts. Alternative solutions for the supplementation of surface water have thus been adopted by many individual users. The most frequent is the extraction of groundwater. In the area of São Paulo, this groundwater comes from the Sedimentary Aquifer system of the Cenozoic and Tertiary age São Paulo Formation and the Cristalino Aquifer system in the Pre-Cambrian Cristalino Basement. These two aquifers supply some 250 million m 3 per year, which is 12.32% of the total water demand for the city. Some 56% of this groundwater, however, is illegally extracted (Fundação Universidade de São Paulo, 2001).
The groundwater reserves of these two systems is estimated at 15 billion m 3 per year (SABESP/CEPAS/IGC-USP, 1994; Fundação Universidade de São Paulo, 2001), with 10.9 billion m 3 in the Cristalino system and 4.1 billion m 3 in the sedimentary rocks, an availability of approximately 3.6 billion m 3 if a recharge rate of 25% is assumed. In such a large urban area, however, an estimated recharge of 25% may be an exaggeration.
The recharge of an aquifer depends on many factors, including leaking of water within the public supply net (estimated to be approximately 13 m 3 /s or 410 million m 3 per year), although part of this recharge may be from leaks in the sewage system. The public water system was designed to improve the efficiency and reliability of the supply and, according to the public water facility (SABESP), some 63 m 3 /s are produced, although the system is only capable of delivering 67 m 3 /s (SABESP, 2000) . Present production furnishes 138 liters per person per day, which is critical according to UNESCO estimates. Moreover, more than 50% of this is transposed from the Piracicaba Basin, which is located at a distance of more than 100 km. This is complicated because, even though the water is extracted upstream, the Piracicaba River flows through populous and highly industrialized areas which also depend on it for their water supplies. In fact, with the increasing demands of these areas, the water of the Piracicaba Basin has been the source of various disputes and may become unavailable for the city of São Paulo in the future.
A six-month survey of the groundwater consumption of 52 individual users installed near the Paulista Avenue shows that publicly supplied surface water is usually supplemented by privately supplied groundwater. The total monthly consumption of these 52 users is 225,600 m 3 , of which only 43% is provided by public water supply companies; the other 57% comes from private extraction (Rodrigues, 2002) .
A point of frequent controversy in relation to the water supply in the city of São Paulo involves the costs. Water provided by private extraction from the aquifers costs only US$ 2.44 m 3 , whereas that provided by the state company costs US$ 4.87 m 3 , nearly twice as much. By investing in private water extraction from the aquifers (where US$15,000 is sufficient for the drilling of a well) and using groundwater, some users can save nearly US$60,000 per month. Much of this extraction is, however, illegal, even though many users consider the minimal risk of punishment worth the risk.
This difference in costs can be understood by a consideration of the costs involved in the treatment of water by the Government company, as, in addition to the costs of pumping and distribution, it requires expensive treatment to make it drinkable, and further expenditures are needed to process the sewage produced. Groundwater, on the other hand, requires no treatment and wastes are merely (illegally and without cost) channeled into the official sewage disposal system. Similar problems are being faced in other cities around the country. Although Brazil has many large rivers and lakes which should be able to meet the water demands for industrial and domestic purposes, these are not necessarily located close to the large urban centers, and the aquifers flowing near these centers have assumed an ever-growing importance in the supply of water. The choice to exploit groundwater supplies generally depends on factors such as cost-benefit, water quality, and availability and reliability of the supply, but if this is not controlled, it may become a serious problem in the future.
Conclusions
This paper has investigated some of the problems associated with the supply of water in Brazil, especially in the city of São Paulo. The degradation of the surface water supply is of major concern, as this had led to greater costs for treatment, but this expense has been avoided by many large users who illegally drill private wells for the exploitation of groundwater.
In the area of São Paulo studied, there is an ever-increasing dependence on groundwater supplies. The sustainability of the aquifers in the long run, however, depends on governmental control of their use. The existing state regulations incorporate various mechanisms for control (such as environmental licensing, authorization, and inspection and control) as well as pricing, but truly integrated planning is also necessary. The existing instruments may contribute to an improved sustainability of the water supply, but in themselves they are not sufficient. Moreover, no significant improvement has been perceived in the adaptation of public institutions to meet the needs of an integrated water management system. Some of the problems are due to the Brazilian tradition of adopting centralized planning, but the failure to incorporate groundwater resources in the overall system may prove disastrous for the future.
